The research on phytoplankton communities in Lake Charzykowskie was carried out at intervals since the 1940s till the beginning of the 21 century. Long-term observations, initially of the species composition and in the following years also of the biomass and the concentration of chlorophyll-a in relation to habitat conditions, allowed to assess the impact of the catchment area on changes in the trophic status of the lake for over 50 years. And thus, based on the results of physicochemical analysis and studies on the phytoplankton structure in the 1940s, the lake was classified as ß-mesotrophic (Cabejszek 1950) , between the 1960s and the1990s as eutrophic (Szulkowska
INTRODUCTION
Already since the first half of the 20 th century, naturalists have been interested in the large, stratified Charzykowskie Lake. Hydrobiological researches were initiated here by Stangenberg (1950 Stangenberg ( , 1952 in the 1940s and have been continued till today. The first analyses of phytoplankton from 1947 and 1948 were published by Cabejszek (1950) within the scope of the monograph on the lake; the subsequent studies were conducted by: Solski (1962) , Szulkowska-Wojaczek (1968 , Wiśniewska (1994 Wiśniewska ( , 2000 Wiśniewska ( , 2005 and Luścińska in 2008, 2009. Due to the fact that phytoplankton algae communities clearly and relatively quickly respond to physicochemical changes in a lake with changes in their structure, they are good indicators of the ecological condition of a given lake. According to the Water Framework Directive, they are one of the elements included in the system of bioindicators. Species and communities of algae can be placed in the indicative system due to their sensitivity to variable conditions in their living environment. And thus, the development and character of algae communities are affected by the following abiotic factors: light, temperature, water chemical composition, substrate, the type of catchment area, lake depth, the water mixing type, as well as biotic factors, i.e. intra-and interspecific interactions between organisms.
And thus, many years of observations of phytoplankton communities allow the assessment of changes in the ecosystem of Lake Charzykowskie, both during the years when the eutrophicating impact of the catchment area on the lake was insignificant (the 1940s and the 1950s), as well as when it was significant (from the 1970s until the 1990s).
LAKE DESCRIPTION
Lake Charzykowskie is situated in the Zaborski Landscape Park within the area of Tuchola Forest (Bory Tucholskie), in the catchment-area of the Brda and Vistula Rivers. It is a stratified, dimictic lake, with waters subjected to spring and autumn circulation. The maximum length is 10 km, the total surface area, including the islands, is 1,366.8 ha. The lake consists of three main basins: the southern one with the maximum depth of 30.5 m, the central one with the depth of 25 m and the northern, shallow (max. 10 m) part of the lake with flat and low shores. For many years the central basin of the lake has been influenced by pollutants brought in by the Jarcewska Stream. The Brda River flows through the northern part of the lake, and the stream called Struga Siedmiu Jezior (the Stream of Seven Lakes) disgorges itself into the lake.
MATERIALS AND METHODS
During many years of hydrobiological studies, different methods were applied, not always comparable ones. The first studies on phytoplankton of Lake Charzykowskie, carried out by Cabejszek (1950) , were limited to determination of the trophic condition based on the abundance of dominant species. Whereas Solski (1962) based his assessment of the lake's water quality on the content of chlorophyll-a in water. Szulkowska-Wojaczek (1978) investigated the algae communities only in summer.
Since 1987 samples were collected with standard methods: net plankton to study species composition and at the same time, uncondensed samples for quantitative analyses. Diatoms, after calcination of the organic matter, were identified in permanent preparations, closed in Styrax. The number of algae was determined in sedimentation chambers with the capacity of 1 -10 ml, using the inverted microscope (Utermöhl 1958). The biomass was determined by the volumetric method. Chlorophyll concentration was determined with the method of Strickland and Paersons (1968) , modified by Lorenzen (1967) . Phytoplankton samples were collected over many years of research from different locations and from different depths. From 1987 till 2005 those were 3 locations situated over the places of the maximum depth in three pools of the lake.
When compiling the extensive phycological material collected with different research methods, the list of species proposed by Reynolds et al. (2002) was used together with the assigned functional groups characteristic of specific environmental conditions. This largely facilitates the evaluation of the ecological condition of the reservoir by "avoiding", to some extent, labor-intensive autecological studies.
The present study was limited to detailed analysis of phytoplankton at one location in the southern lake basin, considering it as representative of the whole lake. For this location, the biomass of dominant species in spring and summer plankton was presented in the graphs for the entire research period, together with life strategies and functional groups assigned to particular dominant species (Table 1, Fig. 1 ).
RESULTS
In the 1950s Lake Charzykowskie was one of the most thoroughly studied lakes in Poland. Stangenberg et al. (1950 Stangenberg et al. ( , 1952 described in detail the morphometry, physicochemical properties of water and bottom sediments, as well as the lake biocoenosis. The first analysis of phytoplankton within the scope of this monograph was conducted by Cabejszek. She identified thirty four taxa of algae in the quantitative material from 1947. Aulacoseira granulata (Ehrenberg) Simonsen was the dominant species in March of that year, Asterionella formosa Hassal − in April, whereas the following species codominated in August: Aphanizomenon flos-aquae Brébisson, Microcystis aeruginosa Kützing and Ceratium hirundinella (O.F. Müller) Dujardin. Diatoms appeared again in the November plankton. Absolute numbers of algae specimens per liter of water ranged from 3,138 to 964,900. Despite the fact that cyanobacteria dominated in the summer plankton, Lake Charzykowskie was classified that year within the group of ß-mesotrophic lakes (Table 1) .
In 1954 -1955 pioneer researches dealing with the chlorophyll content in seston of Lake Charzykowskie were conducted by Solski (1962) . Chlorophyll concentrations at different depths ranged from 4.5 µg dm -3 in hypolimnion in July 1954 to 73.5 µg dm -3 in epilimnion in July 1955.
The subsequent studies on phytoplankton in Lake Charzykowskie were conducted in July 1968 and in September 1976 (Szulkowska-Wojaczek 1978 . The author proved major changes in the structure and quantitative character of phytoplankton in relation to 30 years of tremendous progress in eutrophication of Lake Charzykowskie, brought about mainly by contaminants delivered by the Jarcewska Stream.
A key aspect of the eutrophication progress in the lake is the increased algae abundance, ranging from ca. 1 million at a depth of 3 m in 1947 to ca. 6 million specimens per dm 3 at a depth of 8 m in 1968, and ca. 5.8 million in the surface water in 1976.
At that time, phytoplankton was characterized by very low species richness (only 19 taxa were identified) with the mass development of the diatom Fragilaria crotonensis Kitton in July 1968 and the dominance of blue-green algae from the genus Microcystis (water bloom?) in summer 1976. The cyanobacterial nature of the waters at that time is emphasized by the presence of cyanobacteria from the genus Oscillatoria in the benthic layer.
It is worth noting that the research on the waters in Lake Charzykowskie conducted by Szulkowska-Wojaczek (1978) proved that already at that time phosphorus was the main factor eutrophicating the lake. The amounts of phosphorus were very large and came from both the Brda River flowing through the lake and the Jarcewska Stream, bringing in the wastewater from the town of Chojnice, and also from secondary sources, i.e. from anaerobic bottom sediments of the lake.
The information about the phytoplankton in Lake Charzykowskie is completed by the studies of Oleksowicz (1981 Oleksowicz ( , 1988 . He identified fifty one species in August samples collected at 10 locations in 1981, with the following, most abundant species: Aulacoseira granulata, Microcystis aeruginosa, Fragilaria crotonensis and Asterionella formosa. Based on this research, Oleksowicz describes Lake Charzykowskie in the paper from 1988 as a hypertrophic one.
Detailed studies on the dynamics of phytoplankton in Lake Charzykowskie were carried out in 1987 -1990 (Wiśniewska 1994 , 1996 . The Asterionella formosa R C diatoms, dinoflagellates, cyanobacteria hypertrophy
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observations dealt with both the species composition and changes in quantitative relations (the count, biomass, chlorophyll-a) occurring in monthly cycles within the water column, at three sites. Physicochemical indicators were thoroughly considered so as to determine the relationships between them and the community of algae. Two hundred thirty one taxa of algae were identified in the phytoplankton of Lake Charzykowskie. Chlorophyta were the most abundant in terms of the number of species (105 taxa, including 83 taxa from the order of Chlorococcales), followed by Bacillariophyceae (70 taxa) and Cyanophyceae (38 taxa). The other groups were represented by a small number of taxa. The dinoflagellate Ceratium hirundinella was one of the constant components of the plankton in Lake Charzykowskie.
Four years of the research on the pelagic zone in Lake Charzykowskie proved very high algal biomass, often exceeding the threshold values accepted for eutrophic lakes within the temperate climatic zone (Spodniewska 1978, Forsberg and Ryding 1980) . The maximum biomass of 80 mg dm -3 was recorded in July 1988 at the southern site in the surface water (Fig. 2) . Also the accepted threshold value of chlorophyll-a concentration for eutrophy, which according to Kajak (1979) is 10 µg dm -3 , was exceeded 9 times in the phytoplankton of the studied lake in July 1990, and amounted to 90.78 µg dm -3 in the southern part of the lake (Fig. 3) . High values of chlorophyll-a were recorded with the dominance of algae from the phyla Chlorophyta and Cyanoprokaryota. Comparison of long-term values for the concentration of biomass, the count of algae and chlorophyll-a revealed the increase in their values, particularly at the most polluted locations: the southern and central pools.
Despite the water blooms occurring in the lake during the studied period, as many as two hundred thirty one taxa of algae were identified. And thus, no impoverishment of the species composition has been observed despite the expansive, at that time, development of cyanobacteria. Diatoms Aulacoseira granulata and Asterionella formosa developed in the largest quantities in the epilimnion after spring circulation. Microcystis aeruginosa plays a similar role among Cyanoprokaryota in the summer months.
In terms of water use and due to hypertrophy, cyanobacteria responsible for long-term algal blooms, were the most troublesome. Also the presence of numerous species of small green algae from the order of Chlorococcales indicates that hypertrophy persists in the lake (Bucka, Wilk-Woźniak 2007; WilkWoźniak 2009) .
The abundant appearance of the monospecies water bloom of Aphanizomenon flos-aquae in the large northern part of Lake Charzykowskie (July 1990) seems unfavorable to the whole ecosystem and indicates the quickly deteriorating trophic status of the lake towards hypertrophy. With the capability to assimilate molecular nitrogen (N2), Aphanizomenon flos-aquae can develop well even in the water with the deficit of nitrogen compounds.
Further studies on the phytoplankton from 1999 and 2004 (Wiśniewska 2000 (Wiśniewska , 2005 do not contribute with any significant changes, which could indicate an improvement in the quality of waters in Lake Charzykowskie. Despite the sewage treatment plant working for the town of Chojnice for already more than 10 years and the common opinion about the improvement of the water quality in the lake, no major changes have been observed in the phytoplankton biomass. However, the high biomass − on average ca. 70 mg of fresh matter per liter of water − in September 2004 (Fig. 2) , was not compose of blue-green algae but mainly of large cells of Ceratium hirundinella, which even in the high biomass reduce the water transparency to a small extent.
In comparison with the presented results of long-term changes in the phytoplankton community, which determines the trophic status of waters in Lake Charzykowskie, the observations from 2008-2009 appear interesting. The results presented below are limited to spring (April) and summer (August). The spring biomass of algae in Lake Charzykowskie in 2008 was higher compared with the summer biomass, and ranged from 3.7 mg in the central pool, 8.7 mg at the site in the southern pool to the maximum value of 11.1 mg per liter of water at the site in the northern pool. Diatoms: Stephanodiscus alpinus Hustedt, S. neoastraea Håkansson & Hickel and Aulacoseira islandica (O.Müller) Simonsen were the main species building the biomass.
In the summer of 2008 at the three studied locations, the biomass of algae was low − from 1.1 at the northern site to 5.3 mg of the fresh algal material per liter of water at the site in the central part of the lake. The dinoflagellate Ceratium hirundinella was the dominant species at all sites, whereas Aphanothece minutissima (W. West) Komárková-Legnerová − a small coccal cyanobacterium − was the subdominant one (Fig. 2) .
Whereas the structure of phytoplankton in the April sample from 2009 at site 2, was very different (Table 1 ) − nearly the whole biomass of 3.8 mg FW per liter of water consisted of cryptophytes Plagioselmis nannoplanctica (Skuja) Novarino, Lucas et Morrall.
The August sample from 2009 confirms the previously observed regularity in the phytoplankton structure, where the biomass of 7.6 mg per liter of water is composed of dinoflagellates Ceratium furcoides (Levander) Langhans and C. hirundinella, yet with a considerable contribution of blue-green algae, mainly Microcystis wessenbergii (Komárek) Komárek in Kondratieva. The research from 2008 -2009 significantly indicates that the trophic status of the lake had changed from strong eutrophy (nearly hypertrophy) to meso-eutrophy. With all reservations regarding the potential water blooms, this indicates a good ecological condition of the lake.
Diatoms from the functional group P and C (Reynolds et al. 2002) , which dominate in the spring of 1947-2004 are characteristic of the epilimnion in fertile, well oxygenated, silica-rich lakes. Diatoms Aulacoseira granulata (P) and Asterionella formosa (C) from this group, constantly occurring in Lake Charzykowskie, are tolerant to CO2 deficit. They are R-strategists, developing well after spring water mixing.
In the summer plankton, species from the functional group LM co-dominated: Microcystis aeruginosa and Ceratium hirundinella, as well as Fragilaria crotonensis from the group P. The functional group LM is characteristic of the epilimnion in well-mixed water reservoirs and is tolerant of CO2 deficit. Diatoms from the group P occur in similar conditions, but they are sensitive to silica deficit. When nitrogen compounds were depleted, nitrogen-fixing cyanobacteria (N2) developed in summer 1999, e.g.: Aphanizomenon flos-aquae from the group H1. Both cyanobacteria and Ceratium hirundinella are Sstrategists, long-lived, tolerant of deficit in biogenic substances, occurring in waters with stable ecological conditions. During more than 50 years of the research, it had been observed that the dominance structure of the summer phytoplankton was modified. The functional groups P -LM -H1 were replaced in the earlier years with groups C -P -LM -L, and in 2008 and 2009 species from the group H1 were replaced with species from the group C indicating the eutrophic, well oxygenated waters. Obviously they are sensitive to the lack of silica. Species from the group L may occur during summer even in oligotrophic waters (Padisa´k et al. 2009 ). Whereas the spring dominance of Plagioselmis nannoplanctica from the functional group X2, being at the same time the C-strategist, is characteristic of well-mixed mesoeutrophic lakes. In the summer, as in the previous fifty years, the same species from the group LM dominated.
It seems that both low biomass and the dominance of dinoflagellates indicate a better ecological state of Lake Charzykowskie, compared with the state from 20 years ago.
DISCUSSION
Starting from the 1940s, the physicochemical properties of the waters in Lake Charzykowskie had been investigated repeatedly until the detailed, recent research in 2009, conducted according to the principles of the Water Framework Directive. Due to a large amount of data from many years and many locations, the presentation of the results in this study was restricted to the southern part (site 1) of the lake (Table 2) .
Oxygen profiles in the studied years indicate good mixing and oxygenation of water in Lake Charzykowskie within the entire pelagic zone, although only in spring, and at the same time − constant summer oxygen deficit at the bottom.
The above data and equally high concentrations of nitrates, phosphates, nitrogen and total phosphorus in waters of Lake Charzykowskie prove rich nutritional resources in these waters, and therefore their high trophic status.
Changes in the trophic status of the lake are also reflected in indices of Carlsson (1977) , which assume values from 0 to 100 and describe fertility of waters from extreme oligotrophy to hypertrophy. The selected values of indices calculated over many years were as follows: TSI (SD) -from 60 in 1987 -1990 to 47 in 2008 , and 54 in 2009 -from 69 in 1987 -1990 to 56 in 2008 , and 59 in 2009 -from 100 in 1987 -1990 to ca. 70 in 2008 , Lake Charzykowskie changed its trophic type from hypertrophy during the 1990s to moderate eutrophy at present. Other parameters expressed by TSI indices place the waters of the lake between meso-and eutrophy.
Many years of observations on the species composition, structure, biomass and concentration of chlorophyll-a in the phytoplankton of Lake Charzykowskie indicate long-term fluctuating changes. In the 1940s and in the 1950s, based on physicochemical and phycological studies, the lake was classified as β-mesotrophic (Cabejszek 1950 , Solski 1962 ). In the 1970s, when the mass development of blue-green algae was observed, mainly Microcystis aeruginosa, the lake was classified as eutrophic (Szulkowska-Wojaczek 1978) . Further scientific studies carried out in [1987] [1988] [1989] [1990] , as well as those in the early 21 st century (Wiśniewska 1994 (Wiśniewska , 2005 revealed considerable changes. The most adverse effects of the increasing trophic state were reflected in the structure and biomass of phytoplankton in the form of long-lasting occurrences of blue-green algae from the genus Microcystis sp. div. and Aphanizomenon floras-aquae. Species from the genus Ceratium co-dominated together with blue-green algae producing high biomass. Apparently this was a hypertrophic state (Wiśniewska 1994 (Wiśniewska , 2005 Oleksowicz 1981 Oleksowicz , 1988 . Although according to Reynolds (1984) , Ceratium hirundinella has a broad ecological range and is less efficient as an indicator of the trophic state of lake waters, it considerably increases the phytoplankton Restructuring of phytoplankton algae communities in Lake Charzykowskie in the course of time, is confirmed both by changes in the algae biomass (Fig. 2) and in the concentration of chlorophyll-a (Fig. 3) . The maximum of the summer fresh algal material occurred at the end of the 1980s and in 2004. In the other years, the fresh biomass of algae in plankton was relatively low. In 1990 -1999, as compared to the previous years, the chlorophyll concentration at all sites decreased and then increased only in spring samples.
The restoration to conditions recorded in the 1970s was observed after ca. 30 years − in 2008 and 2009. Much lower values of the phytoplankton biomass allow the conclusion that the trophic status was considerably lower -perhaps even returned to mesotrophy.
According to Padisa´k et al. (2009) , algae from the functional group L, such as Aphanothece minutissima, dominant in the summer plankton, may occur in summer even in oligotrophic waters, whereas Plagioselmis nannoplanctica (X2) is characteristic of well mixed meso-eutrophic lakes.
Eventually, however, good, mesotrophic character of the lake could be confirmed only by more frequent observations that would enable to eliminate possible cyanobacterial blooms of waters.
Studies on the physicochemical properties of waters in Lake Charzykowskie (WIOŚ − Provincial Inspectorate of Environmental Protection − 2009) indicate optimal conditions for the development of algae. High values of concentrations of biophilic elements, mainly phosphorus (0.1 mg Porg dm -3 on average), place the lake within the category of the moderate ecological condition. Nevertheless, the quality of waters in the lake is deteriorated by bad aerobic conditions. In August 2009, oxygen deficit was recorded already at a depth of 6-7 m, at the sites in the southern and central part of the lake.
It seems that engineering of the water and sewage conditions in the drainage basin, and mainly the constant self-purification capability of the lake, has the strongest impact on the improvement of the ecological condition in Lake Charzykowskie.
